The YABBY gene family was identified recently by homology to CRABS CLAW, a gene involved in carpel and nectary development in Arabidopsis. Several of the transcription factors encoded by the YABBY genes appear to have conserved roles in specifying abaxial cell fate in leaves, floral organs and ovules.
The founding member of the YABBY family, CRABS CLAW (CRC), is required for normal development of carpels and nectaries in Arabidopsis [3] . Following the cloning of CRC, Bowman and Smyth [4] identified five further CRC-like genes in Arabidopsis. Sawa et al. [2] , working independently, isolated the Arabidopsis FILAMENTOUS FLOWER (FIL) gene, which was found to correspond to one of the CRC homologues. Each member of the family encodes a protein with a potential Cys 2 Cys 2 zinc-finger domain -in the case of the FIL protein, this was shown to be capable of binding a single zinc ion -and a region with similarity to transactivation domains of transcription factors. A potential helix-loop-helix domain -the 'yabby domain' -that has similarity to the first two helices of the HMG motif, is located in the carboxyl region (Figure 2a ).
The HMG motif is responsible for the binding of 'high mobility group' transcription factors to DNA. These sequence similarities suggested that the CRC-like genes encode a novel family of transcription factors -a view supported by the ability of FIL to target a fused reporter protein to the nuclei of onion epidermis cells. Arabidopsis is estimated to contain six or seven CRC-like genes which, continuing the crustacean theme, were dubbed the YABBY genes -YAB1, YAB2 and so on -after the Australian freshwater crayfish (Figure 2) . Members of the family were found to be present in the monocot rice, but absent from the genomes of Saccharomyces cerevisiae and Caenorhabditis elegans, suggesting that the YABBY genes are specific to plants.
Siegfried et al. [1] found that the two most similar genes in the family, FIL and YAB3, had similar patterns of expression. FIL mRNA was first detected in a small number of subepidermal cells of the presumptive cotyledon, leaf, floral meristem or floral organ initials within apical meristems. FIL expression subsequently became confined to the abaxial regions of the organ primordia as they emerged from the meristem (Figure 1 ). In the case of leaves, FIL expression was limited to cells giving rise to the abaxial epidermis and spongy mesophyll of the blade, and it persisted in these cells until they began to differentiate. The pattern of YAB3 expression differed from FIL by being detectable only after cotyledon primordia became apparent in the early heart-stage embryo. This suggested that FIL and YAB3 might have similar roles in specifying abaxial cell fate in lateral organs. YAB2 had a similar pattern of expression to FIL and YAB3 in leaves and inflorescences, but the low levels of YAB2 RNA prevented its expression from being analysed in detail.
The roles of YAB3 and FIL in organ asymmetry were further investigated using genetic approaches. Ectopic expression of either FIL or YAB3 from the constitutive 35S promoter of cauliflower mosaic virus was sufficient to induce abaxial cell identities on the adaxial surfaces of leaves and floral organs. This conversion was incomplete, however, as leaves still had normal palisade mesophyll cells and in many cases the epidermal cells were a mixture of adaxial-abaxial types. Siegfried et al. [1] suggested that incomplete abaxialisation of organs might reflect levels of ectopic expression that are lower than those associated with normal abaxial cell fate (that is, the 35S promoter may not be as active as the wild-type YAB promoter).
To investigate the effects of reduced YAB activity, Siegfried et al. [1] identified a mutation in YAB3 caused by a T-DNA insertion upstream of the coding sequence. This reduced the level of YAB3 RNA significantly, but did not produce a mutant phenotype. Similarly, fil mutations alone had no effect on cotyledon or leaf development, although FIL is normally expressed in these organs. One possible explanation for this apparent redundancy was that FIL and YAB3 might be expressed independently of each other and have similar roles in specifying abaxial cell fate. This was confirmed by the phenotypes of double mutants lacking both YAB3 and FIL functions: these produced partially adaxialised leaves, in which no distinction could be made between adaxial and abaxial mesophyll internally, and in which the abaxial epidermis gained adaxial characters.
The data on FIL and YAB3 suggest that both genes play a direct role in the specification of abaxial cell fate in plant lateral organs. How does their activity related to that of genes known to regulate adaxial organ development? Whereas loss or gain of YAB gene function results in only partial conversion of adaxial or abaxial cell types, mutations in the Antirrhinum PHANTASTICA (PHAN) and Arabidopsis PHABULOSA-1D (PHB-1D) genes have more severe effects. Loss of PHAN activity results in the complete loss of adaxial fate -cells in adaxial positions assume abaxial identities -and in the loss of lateral growth which would normally flatten the leaf. This led to the suggestion that PHAN specifies adaxial cell identity, which results in lateral growth through the interaction of adaxial and abaxial cell types and the differentiation of adaxial cell types [5, 6] .
The phb-1d mutation has a similar, but opposite, effect, leading to a complete gain of adaxial identity in organs and a complete loss of lateral growth [7] . Because the phb-1d mutation is semi-dominant, it might be a gain-of-function mutation in a gene whose activity is sufficient for adaxial identity. In contrast, loss or gain of YAB3 and FIL function affects cell type, but not organ growth (the reduction in organ width was attributed to reduced cell expansion). This suggests that the YABBY genes might act downstream of PHAN and PHB-1D in the specification of cell type, and in a pathway distinct from that needed for organ growth. Consistent with this, Siegfried et al. [1] found that FIL expression was dependent on PHB-1D activity: the domain of FIL expression was reduced in phb-1d heterozygotes with partially adaxialised leaves, and absent from homozygotes which lacked abaxial cell types. Similarly, FIL expression correlated with abaxial cell type in the second whorl organs of pistillata-1 (pi-1) petalloss-1 and apetala3-3 (ap3-3) petalloss-1 mutant flowers, in which adaxial-abaxial polarity is reversed.
Although FIL is strongly implicated in abaxial cell fate specification in lateral organs, it appears to have additional roles in the flower [8] . Epistasis experiments suggested that 
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Helix it interacts with APETALA1 (AP1), LEAFY (LFY) and UNUSUAL FLORAL ORGANS (UFO) to establish floral meristem identity. It is also required to promote flower formation within the floral meristem in combination with a number of genes, including LFY, UFO and YAB3, as well as influencing the correct spacing and numbers of organs within the flower. In addition, FIL promotes or represses floral homeotic genes, such as AGAMOUS (AG), AP3 and PI, perhaps through the correct positioning of organs within the expression domains of these genes [8] . It remains to be seen how these effects relate to organ asymmetry.
The original YABBY gene, CRC, also appears to have additional roles. CRC expression is first detected in abaxial regions of developing carpels, suggesting a role in specifying abaxial fate, but CRC expression is subsequently found internally, in cells that give rise to the placentas. CRC expression is also detected in cells adjacent to stamens, which will form nectaries, consistent with CRC's proposed role in nectary development [4] . Although ectopic expression of CRC is sufficient to specify abaxial fate in leaves and petals [9] , loss of CRC activity alone does not affect abaxial carpel development -carpels of crc single mutants are short and broad and unfused distally, but retain normal abaxial-adaxial polarity [3] .
Eshed et al. [9] have recently shown that abaxial carpel fate requires the additional activity of several other genes, including GYMNOS/PICKLE (GYM) and KANADI (KAN). Carpels of plants lacking activity of CRC and also of either GYM or KAN produce adaxial tissues, including ovules, in abaxial positions [9] . Although this implies that CRC and GYM act redundantly in abaxial fate specification, their products have different biochemical functions. GYM encodes a member of the CHD family of chromatin remodelling enzymes, which act to maintain repression of target genes. Eshed et al. [9] suggest that meristem genes, which would not normally be expressed in maturing organs, might be targets of GYM-mediated repression, because maturation of a number of tissues is delayed in gym single mutants. Gain of adaxial characters in crc; gym double mutants might therefore result from loss of abaxial specification combined with gain of meristematic characters.
The identification of the YABBY gene family and its role in abaxial organ fate raises many intriguing questions, including that of how the YABBY genes interact with genes needed for adaxial fate or those that specify organ fate. Because all members of the Arabidopsis YABBY family have similar roles, it will also be interesting to know how widely these are conserved within both flowering and non-flowering plants.
